What was known before:
Fluorescein angiography is the gold standard diagnostic test for conclusive detection of choroidal
neovascular membranes (CNV) but this is invasive and time consuming, and runs the risk of side
effects including anaphylaxis. Optical coherence tomography angiography (OCT-A) allows noninvasive imaging of chorio-retinal vasculature that can identify CNV in nAMD in experienced hands.
OCT features such as the double layer sign (DLS) and sub-retinal hyper-reflective material (SHRM)
are observed in wet AMD.
What this study adds:
OCT-A has high sensitivity and specificity for the detection of CNV in treatment naive nAMD
patients in real world practice. Practitioners with varying experience can reliably use OCT-A in
diagnosis of nAMD using commercially available technology. The DLS and SHRM are useful
biomarkers in a variety of nAMD subtypes beyond the pachychoroid spectrum of diseases.
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Abstract (250 words):

Background/Objectives:
Optical coherence tomography angiography (OCT-A) allows non-invasive imaging of chorioretinal vasculature, and is a potential alternative to fluorescein angiography (FA). Sensitivity
and specificity of OCT-A for detecting choroidal neovascularisation (CNV) in treatment-naïve
neovascular age-related macular degeneration (nAMD) patients is examined, using the
Heidelberg Spectralis in a ‘real world’ setting.

Subject/Methods:
43 eyes from 26 patients were included in the study. Spectral domain OCT (SD-OCT), OCT-A
and FA images were obtained at baseline. Each of the 3 retinal image modalities were
systematically assessed by 3 masked clinicians. Decisions about the presence / absence of
CNV were recorded using an automated segmentation for OCT-A, a manual method, and
using both OCT-A and SD-OCT in conjunction. Additional information about the presence of
sub-retinal hyper-reflective material (SHRM) and the ‘double layer sign’ (DLS) were
recorded.

Results:
The average sensitivity and specificity of the OCT-A for the detection of CNV in treatment
naïve AMDwas 89% and 87% for the combined SD-OCT and OCT-A , 76% and 91% for the
automated segmentation and 84% and 85% for the manual segmentation respectively.
Inter-clinician agreement was 0.59 - 0.65 kappa. In patients without CNV, SHRM was
present in only 6% while DLS was present in 28%. Sensitivity and specificity was >78% for
both SHRM and DLS.

Conclusions:
OCT-A provides a reliable tool for detecting CNV in treatment naïve nAMD patients, with
high sensitivity and specificity. Combined use of SD-OCT images and SHRM as an additional
bio-marker, OCT-A could become an alternative to FA in routine clinical practice.

Introduction

Age-related macular degeneration (AMD) is one of the leading causes of blindness
worldwide (1), and is a major burden on clinical resources (2). The neovascular form of AMD
(nAMD) is characterised by the presence of abnormal blood vessels, usually (but not always)
originating in the choroid. Fundus fluorescein angiography (FA) is considered the “gold
standard” diagnostic test for identifying choroidal neovascularisation (CNV) in nAMD, but
this is an invasive procedure requiring an intravenous injection of fluorescein (and/or
indocyanine green “ICG”) dye. The results are two-dimensional snapshots of
retinal/choroidal circulation. Both FA and ICG are labour intensive and carry a potential risk
of side effects including transient nausea, vomiting and anaphylaxis (3, 4). Often the results
are suboptimal due to patient and/or technological factors and limited to “en face” view.
Full thickness resolution can also be limited further by the leakage of dye obscuring details
(5).

Surrogate markers for neovascular AMD (nAMD) (and the management thereof) have been
described using optical coherence tomography (OCT) (6). Two such markers are the ‘double
layer sign’ (DLS) (7) and ‘sub-retinal hyper-reflective retinal material’ (SHRM) (8, 9). When
examining OCT scans, the DLS has proven useful in signposting the presence of branching
vascular networks across a spectrum of pachychoroid disease (7, 10, 11), but its clinical
usefulness in other subtypes of nAMD is not fully reported.

OCT uses near-infrared light interference patterns between the light which is reflected back
from the chorio-retinal tissue and that of a reference beam. This allows high resolution,
three-dimensional imaging of chorio-retinal tissue (12), although it cannot supply

information pertaining to chorio-retinal circulation, such as flow. OCT-Angiography (OCT-A)
provides a non-invasive, faster alternative to FA that can be performed alongside traditional
OCT imaging. It allows three-dimensional maps of the chorio-retinal blood flow, which are
generated by deducing a motion signal from fast, sequential OCT B-scans of the retina and
choroid. Its clinical application in the diagnosis of nAMD and identification of CNV has been
described (13-16). Whilst several studies have looked at the sensitivity and specificity of
OCT-A for CNV detection for a range of macular pathologies (17-20) and previously treated
patients (19, 21- 23), only one has focused on CNV detection in treatment naïve nAMD
patients, reporting sensitivity values ranging from 81% - 100%, and specificity values ranging
from 93% - 100% (24).

This paper reports the sensitivity and specificity of the Heidelberg Spectralis® OCT-A
(Heidelberg Engineering, Germany) for the identification of CNV, in a randomly selected
cohort of treatment naive patients with nAMD. All imaging was performed as part of routine
clinical practice, and analysis completed using the standard Heidelberg OCT-A software
(Heidelberg Eye Explorer, HEYEX version 1.9.14.0) by three clinicians experienced in the
management of nAMD and assessment of OCT and OCT-A images. We additionally comment
on the sensitivity and specificity of both DLS and SHRM in identifying the presence of CNV in
treatment naïve nAMD patients.

Methods
Patient Cohort

Electronic medical records and retinal images for all treatment naive, new patients referred
to the Bradford Macula Centre with suspected nAMD, over a randomly selected period of 6
months (April 2018 and October 2018), were identified for retrospective analysis. Patient
records were viewed using Medisoft Ltd (Leeds, UK) by an independent clinician who
confirmed that they did not have other (nonAMD) retinal pathology. 15 patients were
excluded due to no FA being performed at baseline. A further 2 patients were excluded for
having poor quality OCT-A images due to excessive motion artefact. 43 eyes from 26
patients were included in the study.

Image acquisition
All OCT and OCT-A images for the study were obtained on the Heidelberg Spectralis
HRA+OCT tomography machines with the OCT Angiography Module version 6.7 and Viewing
Module version 6.7 or higher. For all patients, Spectral Domain OCT scans (SD-OCT) were
obtained for both eyes, and OCT-A scans obtained for one or both eyes (at the discretion of
the treating clinician) at the baseline visit. In all cases, OCT-A images of the eye with
suspected nAMD were available for the study. The SD-OCT images comprised of 25 B-scans
forming a 6.1x6.1mm volume scan (20° x 20°). For the OCT-A scans, 512 B-scans were used
to obtain a 3.1x3.1mm OCT-A volume scan (10° x 10°). ART mode was also switched on,
which meant that a minimum of five B-scans were averaged at each scan location to
enhance the image quality (i.e. by reducing artefacts due to noise / movement). For both
SD-OCT and OCT-A the Heidelberg Spectralis system also had TruTrack Active Eye Tracking
technology enabled, which tracks the position of the eye during scanning to reduce motion
artefact or blinks.

Patients also underwent FA with the Heidelberg Spectralis at their baseline visit (n=33) or
within 4 weeks prior to their attendance (n=9). FA images were obtained for a central 30°
field. In one patient the FA was completed one week after the OCT images but prior to
treatment.

Image Grading and Analysis
Three clinicians, including a Specialist Optometrist, Retinal Fellow and Consultant
Ophthalmologist with two, six, and >20 years’ medical retina experience respectively,
volunteered as assessors for the study. Before analysis commenced, the clinicians were
provided with a refresher in assessing OCT-A images. Each clinician was then independently
presented with each patient’s images (OCT-A and SD-OCT) in a masked fashion (i.e. clinicians
were masked to the diagnosis, laterality, FA results and clinical details of patients, and were
only advised that the patients were all treatment naïve, new patients referred for suspected
nAMD).

The protocol for grading each image was aligned as closely as possible to ‘real-world’
practice, using the standard Heidelberg Eye Explorer (HEYEX) software (v. 1.9.14.0 with the
OCT-A module installed. The grading protocol followed a three step process, and is outlined
below. At each successive step clinicians were asked to decide if CNV was present (yes/no),
and record their response. Clinicians were asked to:
1. Use the built in ‘avascular complex’ automated slab tool, which provides
segmentation between the outer photoreceptor layer and Bruch’s membrane (see
Figure 1, black star). Any ‘abnormal’ vasculature between these retinal layers could

be visualised using the ‘transverse OCT-A’ window of the software (see Figure 1,
upper right display screen).
2. Manually scroll through the OCT-A image by selecting a ‘user defined’ slab of initially
40μm thickness, and then 100μm thickness from Bruch’s membrane, dragging the
slab above (into the avascular zone) and below (into the inner choroid) Bruch’s
membrane (see Figure 1, black arrow). Any abnormal vasculature could be visualised
in the transverse OCT-A window.
3. Review the SD-OCT images in combination with the OCT-A (automated and manual),
and decide on the presence / absence of CNV in the area identified as a potential
lesion site on the SD-OCT scans (Figure 2). Additionally, record further information
on two specific SD-OCT features: (i) the presence/absence of a DLS (white arrow
Figure 2) and (ii) presence/absence of SHRM (black arrow Figure 2). For the purposes
of this study, and in accordance to previous literature, DLS is identified as the
presence of a distinct thin hyper-reflective line under the raised RPE (7) and SHRM
was hyper-reflective material located external to the retina, and internal to the
retinal pigment epithelium (8).

After all of the SD-OCT and OCT-A images had been graded, the ‘gold standard’ FA results
were assessed for the presence or absence of CNV by one clinician (FG), and these findings
cross checked with the electronic clinical records for each patient. The sensitivity and
specificity for diagnosing CNV using OCT-A was then calculated based on the ‘gold standard’
FA results.

Statistical Analysis

To obtain group data for analysis, any disagreements between the three clinicians were
resolved through a majority decision. This was applied at each step of the grading. The level
of agreement between the clinicians was determined using a free-marginal multi-rater
kappa statistic (25), which is appropriate for more than two observers, and does not assume
that a certain number of responses had to be assigned to each decision category. Kappa
values may range from -1 to 1, with value of 0 indicating responses equal to chance, values
of -1 being perfect disagreement below chance, and values of 1 indicating perfect
agreement between observers.

Sensitivity and specificity results were then obtained using the following formulae:
Sensitivity: TP/(TP+FN)

Specificity: TN/(TN+FP)

Where TP = number of true positives, FN = number of false negatives, TN = number of
true negatives and FP = number of false positives

Results
From the total patient cohort (43 eyes), 65% of patients were female and the mean age of
the patients was 80.2 years. 18 eyes had no evidence of CNV while 25 (58%) eyes had active
CNV confirmed on FA. There were 8 (32%) occult, 5 (20%) classic, 6 (24%) minimally classic,
1 (4%) predominantly classic CNVs and 5 (20%) retinal angiomatous proliferation (RAP)
lesions only 3 of the 5 (60%) RAP could be identified on OCT-A .

Overall, the pooled sensitivity and specificity values of OCT-A were 84% and 100%
respectively for the automated segmentation, 92% and 94% for the manual segmentation
and 88% and 94% for the combined SD-OCT and OCT-A (see Table 1). Thus, the average
sensitivity for OCT-A was 88% with specificity of 96% for detecting a CNV in treatment naïve
AMD patients.

For individual clinicians the sensitivity and specificity were best for the combined SD-OCT
and OCT-A grading (88 – 92% and 78 – 94% respectively), compared to automated
segmentation (sensitivity 64 – 88% and specificity 83 – 100%) and manual segmentation
(sensitivity 76 – 92% and specificity 78 – 94%). The average sensitivity and specificity was
89% and 87% for the combined SD-OCT and OCT-A , 76% and 91% for the automated
segmentation and 84% and 85% for the manual segmentation respectively.

A DLS was identified in 28 (65%) of the 43 eyes. From the group data, the sensitivity and
specificity of DLS alone for detecting the presence of CNV were 96% and 78% respectively
when compared with the FA findings. SHRM was identified in 24 (55%) of the 43 eyes, with a
sensitivity and specificity of 92% and 94% respectively for detecting the presence of CNV.

The disagreement level between clinicians, in which a majority ruling was required, was
approximately 30% across all stages of OCT image grading. Kappa statistics were calculated
to give the level of inter-clinician agreement for the OCT-A and SD-OCT image grading, and
these k values ranged from 0.50 to 0.65 (see Table 2). Agreement for OCT-A image analysis
alone gave k values that ranged from 0.59 to 0.65.

Discussion
The present study examined the sensitivity and specificity of OCT-A in the detection of CNV
in nAMD patients. The image acquisition and analysis were performed using the Heidelberg
Spectralis hardware with OCT-A module (version 6.7) and software (v. 1.9.14.0), using the
standard tools and settings included in the HEYEX software in real world practice. The
results are therefore applicable to current clinical practice for macular degeneration without
the need for specialist custom settings or additional post-processing (e.g. manual
adjustment of retinal segmentation) which have been used in some previous studies
reporting sensitivity and specificity (17, 22, 24).

The sensitivity and specificity of OCT-A for the detection of CNV were consistently above
80% , with the auto-segmentation giving the lowest sensitivity at 84% and manual
segmentation the highest at 92%. The higher sensitivity with manual segmentation is likely
due to dynamic analysis of the OCT-A images in a truly three-dimensional manner, and the
fact that auto-segmentation is marred by errors in depicting the retinal layers. The values
reported here are slightly higher than those recently reported by a study examining the
Heidelberg Spectralis OCT-A prototype device, who found sensitivity and specificity values of
71% and 81% respectively (20). These differences likely result from the mixture of CNVcausing macular pathologies included in the Soomro and Talks study, and the use of a
prototype device which may have been less accurate (e.g. the volume scan contained 131 261 B-scans compared with 512 B-scans in the present study).

The present results are in keeping with those reported by Faridi and colleagues (24), who
specifically studied AMD patients and found sensitivity values ranging from 81% - 100%, and
specificity values ranging from 93% - 100% with the Optovue RTVue-XR Avanti system.
However, it needs to be noted that the values reported by Faridi et al. may not be reliable as
the non-nAMD controls (including a cohort of dry AMD patients, n=40) did not undergo FA
to rule out the presence of CNV.

The manual segmentation was slightly more sensitive (92%) at detecting CNV using the
Heidelberg Spectralis, but the automated segmentation tool gave the highest specificity
(100%). This implies that in clinical practice, it would be advantageous to use both the
automatic segmentation followed by manual segmentation methods when viewing OCT-A
images. It also suggests that if no lesion can be found using automated segmentation, it is
highly likely that a CNV is not present.

In contrast to previous reports (19), in the present study the addition of SD-OCT images had
marginal impact on the sensitivity and specificity of OCT-A. This may be due to the use of a
different OCT-A platform and/or patient population. However, SD-OCT images remain
extremely useful when building up a clinical picture for a given patient, and therefore
viewing these images is still recommended when looking for pathological changes to the
retina. For example, a false positive finding from OCT-A interpretation alone was correctly
identified as a true negative when the SD-OCT images were viewed, as a region of macular
atrophy could be visualised over the suspected CNV (a ‘window defect’) highlighting normal
choroidal vasculature visible on the OCT-A image. Furthermore, the addition of SD-OCT
images helped improve the sensitivity of individual clinician, and therefore can provide a

useful adjunctive strategy when clinicians work independently. It is also important to note
that whilst OCT-A alone can identify the presence of CNV, it cannot give information about
exudation (e.g. intraretinal and/or subretinal fluid) and hence disease activity. Certainly, its
use in the detection of treatment naïve quiescent CNV has been documented (26),
suggesting that SD-OCT images should still be viewed alongside OCT-A images to identify
surrogate markers of active CNV.

Two of the five cases of RAP lesions (40%) as determined by FA were consistently graded as
false negatives on OCT-A by all clinicians. Thus, the OCT-A technology (with or without SDOCT) in its current status may not be ideal for identifying Type 3 CNV, in which the
neovascular complex is typically small, and flow signals follow a vertical, columnar direction.
A potential limitation of the present study is that clinicians were not specifically instructed
in the protocol to examine the cross-sectional flow signals to aid their decision making,
which may have improved the detection of Type 3 CNV. A previous report in which a RAP
lesion also accounted for a false negative result reported correct identification of the lesion
when cross-sectional OCT-A flow signals could be used in conjunction with en face OCT-A
(24). This indicates that there may be a steep learning curve for the identification of RAP
lesions (Type 3 CNV) on OCT-A.

A further two cases were graded as false negatives using the automated segmentation, both
of which were identified as occult lesions using FA. This accounted for 14% of the Type 1
lesions included in the study. This highlights a potential disadvantage of the automated
‘avascular complex’ tool, which only allows visualisation of vasculature between the outer
photoreceptor layer and Bruch’s membrane. As such, Type 1 lesions, which are found

beneath Bruch’s membrane, can be missed using automated segmentation that looks just at
the retinal avascular zone. Both cases were correctly graded as true positives with both the
manual segmentation and the combined SD-OCT and OCT-A grading. Thus, manually
scrolling through the OCT-A images both above and below Bruch’s membrane, as well as
viewing the SD-OCT images, is a useful adjunct strategy. Clinicians can scroll through all of
the retinal layers and into the choroid, and look for surrogate markers of active nAMD. By
comparison, 100% of the Type 2 lesions included in the present study were correctly
identified using the automated (and manual) OCT-A grading.

Of the OCT features, both the DLS and SHRM independently give good sensitivity and
specificity for detecting the presence of nAMD. For the true negative cases, SHRM was
noted in 6% of eyes who did not have CNV (as identified by FA), while DLS was present in
around 28% of eyes with no CNV. This would suggest that SHRM is a more helpful clinical
sign in determining the likelihood of CNV. Thus, the absence of CNV using the automated
OCT-A segmentation tool in conjunction with an absence of SHRM provides clinicians with a
good indication that CNV is not present. DLS has predominantly been studied in conjunction
with pachychoroid spectrum disease (7, 10, 11). However, a DLS was observed in 96% of the
true positive nAMD cases in the present study, suggesting that it is a feature of several
subtypes of the disease. This is in agreement with a recent study which found that DLS has
good predictive value in identifying CNV in Type 1 nAMD (27). Further investigation into the
prevalence of DLS in different subtypes of nAMD, and the sensitivity and specificity for this
individual feature in different subtypes is a suggested area for future study.

Levels of agreement between the three clinicians were calculated using a variant of Cohen’s
Kappa statistic (28). Agreement for grading the OCT-A images ranged from 0.59 to 0.65 (see
Table 2). The results are similar to a previous report of inter-observer agreement by Inoue
and colleagues (19), in which k was 0.69 for OCT-A alone and 0.66 for OCT-A combined with
SD-OCT. However, it is slightly lower than a recent study of agreement between 17
clinicians, in which average k values ranged from 0.66 (ophthalmology trainees) to 0.81
(ophthalmology professors) (29). This variation may be due to varying skill mixes in the
aforementioned studies, not only in the interpretation of OCT-A images but also in general
ophthalmology knowledge. Also, clinicians were not specifically instructed on how to grade
images about which they were uncertain. This means that more conservative individuals
who only answered ‘yes’ when they were certain about the presence of CNV may have
missed some of the subtle cases, resulting in lower individual sensitivity but higher
individual specificity values. Additionally, each of the aforementioned studies used a slightly
different calculation of kappa, making exact comparisons difficult. The present results are,
however, similar to a previous report of the inter-observer agreement between 16 clinicians
grading fluorescein angiograms for the presence of CNV, where the k value was 0.64 (30).
This firstly highlights that there is variability in the interpretation of FA for the presence of
CNV, and secondly that the values reported in the current study are comparable to the ‘gold
standard’ FA.

Our sample of clinicians was too small to statistically test whether level of experience
influenced individual sensitivity and specificity scores, but anecdotally it would appear that
this was not the case. This suggests that the OCT-A technology is user friendly and with

relevant training, it can be used diagnostically in routine practice irrespective of clinical
background or expertise.

Limitations of this study include the use of a single technology platform (Heidelberg), a small
number of investigators and small cohort of patients. A further limitation of the study is not
including other biomarkers of nAMD such as subretinal fibrosis or macular haemorrhage in
analysis. As approximately 50% of treatment naïve nAMD patients may present with a
haemorrhage at baseline (31), it is likely that retinal haemorrhage would have been present
in some of the cohort. Since the presence of blood can block the passage of light from
penetrating the deeper tissues, larger substantial haemorrhage can potentially obscure
underlying CNV creating a higher number of false negatives. This has previously been
reported to account for a large proportion (43 – 100%) of false negative cases in other
studies (17, 22, 24, 32). However, it should also be noted that large haemorrhages as well as
fibrosis can obscure patterns of leakage on FA too, and therefore the presence of
haemorrhage would be a limiting factor in both diagnostic investigations.

In conclusion, OCT-A provides a reliable tool for identifying CNV at baseline in treatment
naïve nAMD cases, with high sensitivity and specificity. Combining SD-OCT with OCT-A is
useful in guiding a decision outcome, especially with use of SHRM as an additional surrogate
marker. Further refinement of the technology may help improve reliability of OCT-A,
particularly via the automated segmentation. A recent unpublished survey of 233 patients
with retinal disease who underwent OCT-A imaging found that 96.6% would be willing to
have the test again and 92.3% found the test comfortable, suggesting that patient
acceptability of OCT-A is very high (33). Our masked study supports the use of OCT-A as a

baseline investigation for suspected nAMD cases, and offers a potential replacement to FA
in routine practice.
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Titles and legends to figures

Figure 1: Showing the Heidelberg software open on the OCT Angiography tab. The
‘Avascular Complex’ automated slab is highlighted by the black asterisk (left), the manual
slab of 40μm thickness is highlighted by the black arrows (left), and the ‘transverse OCT-A’
view is seen in the upper right display window.

Figure 2a: A case where active CNV was present, showing SD-OCT slice (upper left and
centre) with double layer sign (black arrow) and SHRM (white arrow), and en face OCT-A

segmentation (lower left and centre) with active flow signal, all recorded at baseline,
corresponding fluorescein angiography (2b)

Table 1: Statistical data for the group (n=3) at each step of the OCT-A image grading process
(from automated OCT-A, manual OCT-A and combined OCT-A with SD-OCT). All percentages
are rounded to the nearest integer.

Table 2: Showing inter-clinician variability when grading the OCT images. All percentages
are rounded to the nearest integer, and decimals rounded to 2dp.

Figure 1:

Figure 2 a

Figure 2 b

Table 1:

Table 1
True positive
True negative
False positive
False negative
Sensitivity (%)
Specificity (%)
Positive predictive value (%)
Negative predictive value (%)

Automated OCT-A
21
18
0
4
84
100
100
82

Manual OCT-A
23
17
1
2
92
94
96
89

SD-OCT and OCTA
22
17
1
3
88
94
96
85

Table 2

Image grading feature
Automated segmentation
Manual segmentation
OCT-A and SD-OCT
combined
Presence of DLS
Presence of SHRM

Level of disagreement
between all 3
clinicians (%)

k value (n=3)

30
33

0.60
0.59

26

0.65

37
30

0.50
0.60

